With the development of hard X-ray free electron lasers, there is a pressing need to experimentally determine the single shot damage limits of presently used and potential future optical coating materials. To this end we present damage results, and analysis of fluence threshold limits, from grazing incidence geometry experiments conducted at the Spring-8 Angstrom Compact free electron LAser (SACLA) on Carbon coatings at 7 and 12 keV photon energies.
INTRODUCTION
Hard X-ray Free Electron Lasers (XFELs) open the possibilities for experiments that would be impractical or impossible at other X-ray facilities such as synchrotrons. These include, but are not limited to, experiments on 3D single particle diffraction imaging 1 the dynamics of biologic crystals 2 , and non-linear experiments 3 with X-rays. With more XFEL facilities being built and planned, it is foreseen that they will aim to deliver larger pulse energies and higher peak brilliances. With the desire to increase in pulse power the natural question arises: what is the maximum pulse fluence that a grazing incidence FEL mirror can tolerate? To facilitate the answer to this question, we have conducted grazing incidence damage studies at the Spring-8 Angstrom Compact free electron LAser (SACLA) facility on Carbon coated mirrors at 7 and 12 keV photon energies.
We choose Carbon as a mirror material due to its current use in Soft X-ray FELs, the extensive work on optical damage of amorphous carbon at lower energies 4-10 , and as its low Z nature, small complex part of its index of refraction, dissipates the absorbed energy over a larger volume.
EXPERIMENTAL SETUP
The experiment was conducted at the SACLA X-ray FEL user facility 11 . The facility provides X-ray pulses with an average pulse energy of order 200 μJ at 7 keV photon energies and slightly less at 12 keV. A pair of Kirkpatrick-Baez (KB) optics was used to focus the beam to a spot size of 1 μm by 1 μm full width at half maximum (FWHM) measured with a knife-edge wire scan 12 . The system efficiency, including Beryllium isolation valves, was of the order of 50%, meaning at both 7 and 12 keV a maximum deliverable pulse energy, to the test mirror sample, was 100 μJ.
The test mirror sample is a super polished single crystal silicon optic 100 mm long, 10 mm wide and 8 mm thick, coated with an amorphous carbon layer 50.1 nm thick using DC magnetron sputtering. The density of the coating was slightly less than bulk density of 2.2 g/cm 3 . Furthermore root mean squared roughness of the mirror substrate was estimated to be 0.7 nm using Copper K-alpha reflectometry.
During the experiment we used procedures and techniques used in recent experiments 13 at the Free-Electron LASer in Hamburg (FLASH) facility. The sample was measured at grazing angles typically used for single coated grazing X-ray optics. The mirror sample was placed in the focal position of the beamline KB optics for alignment and measurement. An alignment camera was located 2 m downstream of the sample and registered the position of either direct beam or the Damage to VUV, EUV, and X-ray Optics IV; and EUV and X- 
